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@ High efficiency silver catalysts for the production of ethylene oxide via ethylene oxidation. 



(g) This invention relates to a process of preparing silver-con- 
taining catalysts and their carriers for the production of ethylene 
oxide via ethylene oxidation and also to the applications of said 
catalysts in producing ethylene oxide . A commercial 
trihydrated a-alumina , boehmite , carbonaceous materials , a 
fluxing agent , fluoride and a binder are mixed with water , 
kneaded andextruded to form strips which are cut and shaped. 
The shaped bodies are then dried , calcined and converted to 
a-alumina bodies i.e. carriers. This process is characterized by 
using trihydrated a-alumina , boehmite alumina and carbona- 
ceous materials which have a good matching of particle sizes 
and proportions in preparing alumina carriers with the following 
pore structure: 



specific surface area 
pore volume 
pore radius 



0.2-2 m 2 /g 
> 0.5 ml/g 
> 30 \i t 25-100/0 of total 
volume 

< 30 u, 75-900/0 of total 
volume 



Said alumina carriers are impregnated with silver com- 
pounds and promoters, and then dried , activated and used 
in ethylene oxidation for making ethylene oxide. The 
selectivity of the catalyst reaches from 83 to 84 percent. 
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Description 

High Efficiency Silver Catalysts for the Production of Ethylene Oxide via Ethylene Oxidation 

This invention relates to a process of preparing silver-containing catalysts and their carriers for the 
production of ethylene oxide via ethylene oxidation, and also to the applications of said catalysts in producing 
5 ethylene oxide. While ethylene oxide is produced by ethylene oxidation, carbon dioxide is also formed by the 
side reaction. The reaction heat of said reaction is twenty times that of the main reaction. The ethylene oxide 
produced in the reaction will further be oxidized into carbon dioxide if it is not removed in time. In order to 
increase the activity of the catalysts , the sufficient specific surface area of silver particles must be afforded. 
Therefore , the catalyst carriers are required to have enough specific surface area. However , oversized 

10 specific surface area will make the transfer of the reaction heat difficult, aggravate side reaction and decrease 
the selectivity of the catalysts. In order to offer the catalysts a high selectivity, an ideal pore structure which 
matches the surface of the catalyst is required so that suitable conditions for heat and mass transfer can be 
attained and side reaction can be suppressed . Since the reaction takes place under nearly diffusion- 
controlling conditions , searching for carriers with an optimum matching between pore structure and specific 

15 surface area has become an important subject in developing silver catalysts with a high selectivity. 

The alumina carriers prepared by the process disclosed in U.S. patent No. 4, 379 ,134 have a specific surface 
area of less than one square meter per gram , generally , from 0.2 to 0.6 The volume fraction of the pores having 
the diameter of from 20 to 1 00 micrometer does not exceed 1 0 percent of the total pore volume . However, the 
alumina carriers prepared by the process of GB Pat. No. 1 ,465 , 523 have a wide range of the specific area from 

20 0.1 to 60 squre meter per gram , the fraction of the pores having the diameter of larger than 0.1 micrometer is 
only 40 percent of the total volume. The selectivity of the silver catalysts produced from said carriers is better 
than that of the silver catalysts produced from oversized the carriers having larger specific surface area, but is 
still not high. 

The purpose of the invention is to avoid the disadvantages arising from oversized or undersized pore 
25 structure and specific surface area and inadequate pore- size distribution in the prior art , but to provide 

alumina carriers having a better matching of specific area and pore structure and to greatly increase the 

selectivity of the silver catalysts in commercial applications. 

The purpose of the invention can be reached by the following steps: trihydrated a-aiumina , boehmite 

alumina and a carbonaceous material which have a good matching of particle sizes , are mixed with a fluxing 
30 agent ; a fluoride . a binder and water in a mixer. The mixture is kneaded to form a extrudable paste. The 

extrudable paste is then extruded into strips which are cut to get shaped bodies. Said shaped bodies are then 

dried at a temperature of from 80° C to 1 20° C to reduce the water content in it below 25 percent, then calcined 

at a high temperature of from 1 450° C to 1 550° C in a tunner kiln , and converted to alpha-alumina carriers which 

have the following properties: 

35 

Specific Surface Area 0.2-2 m 2 /gm, preferably 

0.8-1.3 m 2 /gm 

Total Pore Volume > 0.5 ml/gm, preferably 

0.5-0.7 ml/gm 

40 Pore radius Q/b of total volume 

< 30 a 75-90 
> 30 il 25-10 

45 

Differing from the process disclosed in U.S. Pat No. 4 ,379 ,134 in which ail alumina starting materials used 
are expensive boehmite alumina, this invention used cheaper commercial trihydrated a-alumina with less 
sodium as a part of the alumina starting materials. The amount of the cheaper alumina is from 50 to 90 percent 
of the alumina by weight. Moreover, according to the requirement of the pore formation , different particle 

50 sizes , trihydrated a-aiumina of less than 50 mesh and boehmite alumina of less than 200 mesh , are chosen to 
provide the final alumina carriers with desired pore structure. 

The invention uses carbonaceous materials to make large pores. Said carbonaceous materials include 
petroleum coke , carbon powders . graphite, polyethylene and rosin and the mixture thereof. Carbonaceous 
materials are carbonated and oxidized and become gas to flee during calcination. In this way large pores are 

55 formed in the carriers , which benefit the diffusion and heat transfer of the reaction gases in the catalysts. 
Although U.S. Patent. No. 4, 379,134 used carbonaceous materials to make large pores with reference to U.S. 
Pat. No. 3,726,811 and U.S. Pat. No.3,1 19,660, the fraction of the large pores having the diameter of greater 
than 20 u. accounts for only 5 percent of the total pore volume (less than 100/o ). The present invention shows 
that if the fraction of the large pores having the radius of greater than 30 ji is from 10 to 25 percent of the total 

so pore volume , the selectivity of the catalyst will increase significantly. According to the invention . the particle 
size of carbonaceous materials is from 20 to 200 mesh and the amount of added carbonaceous materials 
ranges from 10 to 40 percent of the weight of the alumina .preferably 20-30 0/0 percent, if the carbonaceous 
materials are added too much, the strength of the alumina carriers will decrease. 
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Fluxing agents can decrease the calcination temperature , make the alumina carriers have enough crush 
strength. Magnesium nitrate or magnesium oxide or feldspar can be selected as a fluxing agent in the 
invention. Their amount ranges from 1 .5 to 7 percent of the alumina by weight. When the alumina carriers have 
an outside diameter of 6.5mm , an inner diameter of 2.5mm and a length of 6.5mm ,the crush strength of the 
alumina carriers is greater than 5 kg per particle. 5 

Binders make crystal alumina disperse and bind during mixing to form an extrudable paste, the binders used 
in the invention include nitric acid, alumina gel , propanoic acid, acetic acid and formic acid. The amount of 
added nitric acids or aluminium gel ranges from 25 to 60 percent of the alumina by weight. 

Fluorides make alumina easy to transform into crystals and said alumina is converted completely into 
a-alumina crystals during the calcination , which benefits the elimination of unneccesary micropores. The 10 
fluorides used in the invention consist of ammonium fluoride , hydrogen fluoride and aluminium fluoride. The 
amount of the added fluoride aions accounts from 0.5 to 5.0 percent of the alumina by weight. 

According to the present invention, after being extruded and shaped, the paste is dried to a water content of 
less than 30 percent. The carriers can take shapes of rings, balls , perforated cynlinders. The carrier bodies are 
dried at 80°C to 120°C for a period of 1 to 24 hours , which is controlled according to the water content. 15 

After being dried, said carrier bodies are heated to a temperature from 1450°C to 1550°C and kept at the 
temperature for about 2 to 6 hours so that all alumina are converted to a - alumina. Meanwhile , the fluoride 
anions can eliminate micropores to make the pores having the radius or less than 30 u, range from 0.5 u, to 5 u, 
and the pores having the radius of larger than 30u, amount from 25 to 10 percent of the total volume. 

Silver catalysts are prepared from alumina bodies by impregnating them with solutions of silver compounds. 20 
Besides , promoters are dopped simultaneously onto the alumina bodies are well as before or after the 
impregnation of the silver compounds or after the reduction of silver compounds to silver. Said carriers are 
impregnated with a silver compound solution sufficient to allow the silver to be supported on the carrier in an 
amount of 1-25% of the weight of the catalyst, the impregnated carriers are then separated from the solution 
and the silver compound is reduced to silver. 25 

Silver oxalate is precipitated by mixing aqueous solutions of silver nitrate and ammonium oxalate. The 
precipitate is the filtered and washed to eliminate nitrate anions. Said silver oxalate is then dissolved in an 
aqueous solution of ethyldiamine and diethanolamine and promoters are added to form an impregnation 
solution. The alumina carrier is impregnated with said impregnation solution and drained and heated in an air 
flow at a temperature from 550°C to 600°C for a duration to produce a silver catalyst containing 5 to 20 percent 30 
of silver by weight. Silver nitrate can also be replaced by silver oxide. Alternatively , silver oxalate can directly 
form complex with amines without filtration and then the alumina carriers will be impregnated with the complex 
solution. 

The promoters are usually dopped onto the catalyst in amounts of from 20 to 1000 portions of alkali metals 
such as potassium, rubidium and cesium and less than 1000 portions of alkali earth metals such as barium 35 
(calculated on metal) per million portions of the catalyst by weight. Cesium is preferably selected among 
aforesaid alkali metals. When or before or after said silver compound is supported on the carriers , in addition 
to the silver compound , one or more metals chosen from alkalis such as potassium , rubidium and cesium is or 
are supported on said carriers in a sufficient amount so that 40 to 100 portions of alkalis (calculated on metals) 
are deposited on one million portions of the catalyst by weight. 40 

The alkali metals deposited on the alumina carriers can be washed with absolute alcohol or absolute 
methanol. The concentration of the alkali metals can be controlled in a certain range , because some of the 
alkali metals are cleaned away . 

The alumina carriers impregnated are heated in an airflow at a temperature of about 550° C for a minute and 
the resulting silver catalyst contains 15 percent of silver, 200 ppm barium and 600 ppm cesium. 45 

Catalysts are evaluated with a single tube reactor with an inner diameter of 21 mm , a bed height of 7.07m 
and an effective volume of 2.45 litre. There is a jacket outside the reactor tube through which a 
heat-conducting oil is passed to heat up the reactor or remove the heat of reaction. The conditions used in the 
evaluation are as follows: 

50 

Constitution of the reacting gases: 

C2H4 20% mole 

O2 7o/o mole 

CO2 <8% mole 55 

N2 rest 

Concentration of 1.3-1 .40/0 mole 
Ethylene oxide in the 
Effluent from the. 

reactor 60 

Reaction Pressure 21 Kg/cm 2 

Space Velocity 7000/h 

Time-Space Yield 180-200g Ethylene 

Oxide/I Catr h 

00 



3 
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10 



20 



controlling the dichloroethane content of the reaction gas and making the selectivity of the catalyst the 
highest. The selectivity of the catalysts prepared in the embodiments in the invention reaches 84.10/0 at a 
reaction temperature of 233° C. 

All kinds of the silver catalysts prepared by the process of the invention are evaluated in a single tube 
reactor or micro reactor. The single tube reactor has a diameter of 21mm , a 7.07m height of the catalyst bed 
and an effective volume of 2.5 liter. 

Constitution of the reacting Gas: 

C 2 H 4 12-250/0 (mole 

concentrations) 
O2 6.50/0-7.50/0 
CO2 6-100/0 
N2 rest 
15 Dichloroethane 0.05-1.05 ppm 

Space Velocity 7000/hour 
Temperature 220-245° C 

Pressure 21 Kg/cm 2 

Ethylene oxide in the 1.3-1.6% 
Effluent 

Time-Space Yield 170-260g Ethylene 

Oxide/I Cat. h 

25 The constitution of the inlet and exit gases of the reactor are measured continuously when the conditions 
described above are reached. The selectivity of the catalyst is calculated by the following equation after 
correcting the data for volume thrinkage. 

30 A E0 

selectivity S = 100 K 

AEO+0.5ACQ* 

35 

Wherein , AE0 is the concentration difference of the ethylene oxide between exit and inlet gases. 

Once the temperature remains unchanged (between 220° and 245° C ) with a constant conversion and the 
40 maximum selectity , the continuous measurement is carried out again and the selectivity is calculated by 
averaging the data of more than 30 groups. 

Compared with the prior arts , the present invention has the following advantage : the silver catalysts 
prepared by the process of the invention are particularly suitable for ethylene oxidization to produce ethylene 
oxide and has a selectivity of from 83 to 84 percent in the conditions disclosed above in industrial facilities. The 
45 invention will be further discribed in detail in the following examples: 

Example 1 

77 kilograms of trihydrated a-alumina of less than 50 mesh with low sodium content , 23 kilograms of 
boehmite alumina of less than 200 mesh , 1 .7 kilograms of ammonium f luride , 20 kilograms of petroleum coke 

50 of 30-200 mesh, 2 kilograms of magnesium nitrate were uniformly mixed in a mixer. 20 kilograms of said 
mixture were placed into a kneading machine , to which 2.7 liters of dilute nitric acid (acid :water = 1 .3)and an 
adequate amount of water were added, the mixture was kneaded to form an extrudable blend. Said extrudable 
blend was then extruded to become a ring shaped bodies having an outside diameter of 6.5mm , a length of 
6.5mm and a inner diameter of 2.5mm. Said ring shaped bodies were dried at a temperature from about 80° C 

55 to 100- C for more than 2 hours to lower the water content of the bodies to below 25 percent and then calcined 
in a tunnel kiln, the temperature of which rised to 1480°C in 6 hours and remained constant for 6 hours. After 
the temperature of the tunnel kiln went down , pure alumina ring shaped bodies were obtained which had 
physicl properties as follows: 

60 
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Crush strength 


5.5 


kg/particle 




Water absorption o/o 


68 


Bulk Density gm/cm 3 


0.55 


Specific surface area 


1.1 


rn 2 /g 




Pore volume ml/g 


0.56 


pore radius distribution 


-cu/o ot toTai volumes 


< 0.5 \i 


12.8 


0.5-1 u 


36.3 


1 -5 u. 


23.0 


5 -10 \l 


5.6 


10 -30 [i 


5.8 


30 -51 u 


7.3 


>51 u. 


9.2 



Crush strength 


6.5 


kg/particle 




Water absorption 


72.0 


rate o/o 




Bulk Density gm/cm 3 


0.50 


Specific surface area 


1.1 


m 2 /g 




Pore volume ml/g 


0.66 


pore radius distribution 


<o/o of total volume > 


< 0.5 \l 


7.3 


0.5-1 \i 


27.0 


1 -5 u. 


35.0 


5 -10 ji 


6.2 


10 -30 \l 


1.6 


30 -51 j± 


15.0 


>51 u. 


7.9 



10 



15 



A catalyst was prepared by the following steps : 2.8 kilograms of silver nitrate were dissolved into 3 liters of 
deionized water ,1.12 kilograms of ammonium oxalate were dissolved into 1 1 liters of deionized water at 50° C. 20 
Said two solutions were mixed and white silver oxalate was precipitated. Then the precipitate was filtered and 
washed with distilled water until the washings contained no nitrate anions. The filter cake contained about 50 
percent of silver and about 30 percent of water. 

1 .2 kilograms ot ethyldiamine , 0.4 kilograms of diethanolamine, 1 .5 kilograms of deionized water were added 
into a container made of stainless steel with a stirror to get mixed solution. The filter cake of silver oxalate 25 
prepared were added into the mixed solution with stirring at below 40° C to dissolve all silver oxalate. Then 4.5 
grams of barium acetate , 9.5 grams of cesium sulfate and about 1 kilograms of deionized water were added 
into the above mixed solution to form an impregnation solution which had 22 percent of silver , 300 ppm of 
barium and 900 ppm of cesium. 

3 kilograms of the carriers were placed into a container which can be evacuated to below 10 mmHg. Said 30 
impregnation solution was added , and the carrier was immersed for 30 minutes and then the extra solution 
was dripped away. 

Example 2 

Alumina ring shaped bodies i.e. carriers were prepared by means of the procedure similar to Example 1 35 
except that 32 kilograms of graphite power were substituted for petroleum coke and aluminium gel having 
about 10 percent of alumina was substituted for nitric acid for shaping. The alumina ring shaped bodies have 
physical properties as follows: 

40 



45 



50 



55 



A catalyst was prepared by means of the same procedure as in Example 1 . The catalyst was evaluated by a 
single tube In the same conditions as Example 1. The temperature of the reaction remains 235° C and the 60 
selectivity of the catalyst is 83.90/o. 

Example 4-8 

Alumina ring shaped bodies and silver catalysts were prepared by the same procedure as Example 1. A 
variety of catalysts containing different amounts of barium was prepared through changing the barium content 65 
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10 



15 



20 



25 



in the irnpregation solution. The catalysts were evaluated in microreactor with an inner diameter of 4mm , a 8cm 
height of the catalyst bed , an effective volume of 1 ml and catalyst sizes of from 11 to 18 mesh. 

The reaction gas mixtures were prepared in advance by mixing the concerned gases in a high pressure 
cylinder. The constitution of the reaction gas and the conditions for the evalution were the same as Example 1 . 
Dichloroethane, a restrainer in the reaction gas had a content of 0.4 ppm. The reaction temperature and the 
selectivity were measured. The results were shown in Table 1. 



Table 1 



Examples 





Ba in 


Ag in 


Ba in catalyst 


Evaluation 


Results 






Impregnation 


catalyst o/o 


ppm 


Temperature 








solution ppm 






°C 














AEO o/o 


So/o 


4 


0 


15.6 


0 


222 


1.39 


82.1 


5 


300 


15.9 


130 


227 


1.38 


83.9 


6 


500 


15.4 


350 


224 


1.38 


83.2 


7 


700 


15.3 


490 


226 


1.38 


83.0 


8 


900 


14.9 


610 


226 


1.38 


82.7 . 



Comp arative Example 3 

Alumina bodies were prepared with the same prescription as Example 2 and bythe same method as 
Example 1 except that the amount of added graphite was 2/5 of the amount used in Example 2. The physical 
properties of the alumina bodies prepared were as follows: 



30 



35 



40 



45 



50 



55 



60 



Crush strength 


9.3 


kg/particle 




Water absorption 


69.0 


rate % 




Bulk Density gm/cm 3 


0.50 


specific surface area 


1.06 


m 2 /g 




pore volume ml/g 


0.63 


pore radius distribution 


<o/o of total volume > 


< 0.5 u 


8.5 


0.5-1 u 


12.5 


1 -5 u 


68.0 


5 -10 u 


7.5 


10 -30 u 


0.2 


30 -51 a 


1.2 


>51 u . 


1.8 



A catalyst was prepared by the same method as Example 1 . The catalyst was evaluated in a single tube in the 
same conditions as Example 1. The reaction took place at a temperature of 237° C. The selectivity of the 
catalyst was 77.7 percent. 

E xamples 9-11 t ^ 

Catalysts and alumina bodies were prepared in the same way as Example 1 except that the cesium content 
in impregnation solutions was changed and the evaluation of the catalysts was done in the same way as 
Example 4-8. the results are shown in Table 2. 



Examples 



Cs in 
Impregnation 
solution ppm 



Ag in 
catalyst o/o 



Table 2 

Cs in catalyst 
ppm 



Evaluation 
Temperature 

°C 



Results 



9 
10 
11 



500 12.3 
700 12.7 
900 13.3 







AEO o/o 


So/o 


280 


231 


1.39 


83.3 


400 


236 


1.39 


84.4 


540 


243 


.1.37 


83.9 
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While the invention has been described in connection with what is presently considered to be the most 
practical and preferred embodiments , it is understood that the invention is not to be limited to the disclosed 
embodiments , but on the contrary , is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 



Claims 



1. A process of preparing silver-containing catalysts for the production of ethylene oxide via ethylene 
oxidation, characterized in that the catalysts are prepared by impregnating an alumina carrier with a 10 
solution containing silver compounds and promoters , followed by reduction and activation , said alumina 
carriers arebeing made from trihydrated a - alumina , boehmite alumina and carbonaceous materials well 
matched both in particle sizes and in relative proportions , with a fluxing agent , a fluoride, a binder and 
water, extruding the mixture to form shaped bodies , drying a calcining said shaped bodies to convert 
them into the alumina carriers, which have a optimum metching in the pore structure and surface area. 15 

2. The process of claim 1, characterized in that said trihydrated a-alumina is commercial trihydrated a 
-alumina of low sodium content with a particle size of less than 50 mesh. 

3. The process of claim 1 , characterized in that said boehmite alumina is a boehmite alumina with a 
particle size of less than 200 mesh. 

4. The process of claim 1 and 3 , characterized in that said trihydated a -alumina and boehmite alumina 20 
are mixed in proportions of from 1 :t to 9:1 based upon the weight of alumina. 

5. The process of claim 1 , characterized in that said carbonaceous material is one material selected 
from the group consisting of petroleum coke, carbon, graphite , polyethylene , rosin and the mixture 
thereof, the particle size of which is from 20 to 200 mesh and the amount of the added carbonaceous 
material is from 1 0 to 40 percent of the alumina by weight . 25 

6. The process of claim 5, characterized in that the amount of the added carbonaceous material is from 
20 to 30 percent of the alumina by weight. 

7. The process of claim 1 , characterized in that said fluxing agent is one agent selected from the group 
consisting of magnesium nitrate , magnesium oxide and feldspar. 

8. The process of claim 7 , characterized in that the amount of said added fluxing agent is from 1 to 7 30 
percent of the alumina by weight. 

9. The process of claim 1, characterized in that said fluoride in one fluoride selected from the group 
consisting of aluminium fluoride , ammonium fluoride and hydrogen fluoride. 

10. The process of claim 9 , characterized in that the amount of said added fluoride is from 0.5 to 5 
percent of the weight of the alumina calculated on the fluoride aions. 35 

11. The process of claim 1 , characterized in that said binder is dilute nitric acid (HNO3: HzO=* 1 :3) or 
alumina gel. 

12. The process of claim 11 , characterized in that the amount of said added binder is from 25 to 60 
percent of the alumina by weight. 

13. The process of claim 1 , characterized in that said mixture are extruded, cut and shaped into ring , 40 
cylinder , ball or perforated cylinder shaped carriers. 

14. The process of claim 1 , characterized in that said calcining is done at from 1450°C to 1550°C for 
from 2 to 6 hours. 

15. The process of claim 1 , characterized in that said prepared alumina carriers have the following 
properties: 45 

Specific Surface Area 0.2-2 m 2 /gm, preferably 

0.8-1.3 m /gm 

* Pore Volume >0.5 ml/gm, preferably 

0.5-0.7 ml/gm 

Pore radius % of total volume 



< 30 p. 75-90 
> 30 u, 25-10 



50 



55 



16. The processes of any one of claim 1 to 15, characterized in that said carriers are impregnated with a 
silver compound solution sufficient to allow the silver to be supported on the carrier in an amount of 
1-250/0 of the weight of the catalyst, the impregnated carriers are then separated from the solution and the 
silver compound is reduced to silver. 6° 

17. The processes of any one of claim 1 to 16, characterized in that promoters are supported on the 
carriers. 

18. The process of claim 16or 17 , characterized in that when or before or after said silver compound is 
supported on the carriers , in addition to the silver compound , one or more metals chosen from alkalis 
such as potassium, rubidium and cesium is or are supported on said carriers in a sufficient amount so that 65 
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40 to 100 portions of alkalis (calculated on metals ) are deposited on one million portions of the catalyst by 
weight. 

19. The process of claim 17 or 18 , characterized in that one of the compounds of alkali earth metals is 
supported on the catalyst as a promoter , the amount of which is from less than 1000 portions (metal 

5 basis) per million portions of the catalyst by weight. 

20. The process of claim 19 , characterized in that said compound of alkali earth metals in barium 

acetate. 

21 . The process of claim 20, characterized in that barium acetate is supported in an amount of from less 
than 1 000 portions of barium ( calculated on metal) per million portions of said catalyst by weight. 

10 22. A silver-containing catalyst prepared by the processes as claimed in any one of preceding claims 

described hereinbefore. 

23. A process for production of ethylene oxide via ethylene oxidation in the presence of silver-containing 
catalysts as claimed in claim 22. 

15 



20 



25 



30 



35 



40 



45 



50 
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